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STATEMENT OF THE PROBLEM 
Aim of the investigation 
As the steroid nature of the compounds concerned with the 
function of the adrenal cortex became apparent, three main groups 
of researchers, Reichstein and his associates in Switzerland, and 
Winter steiner and Kendall and their respective coworkers in the 
United States, attacked the problem of isolation, identification and 
chemical constitution of these compounds. The chemistry of these 
compounds has been reviewed in recent years by Reichstein and 
Shoppee (35), Kuizenga (29), Heard (14), and Samuels and Reich (41). 
To date, more than twenty-five compounds have been isolated from 
1 
the adrenal gland, six of which have proven to be of biological interest 
with respect to adrenal cortical physiology. Of these active steroids, 
the least is known about 17-hydroxy-11-desoxycorticosterone (compound 
S). Although compoundS has been assigned a minor role physiological-
ly, its presence in the adrenal gland in relatively high concentration 
implicates it as an important intermediate in the biogenesis of more 
active compounds. Biological hydroxylation at C -11 by adrenal tissue 
employing either perfusion or incubation techniques results in the 
transformation of compoundS to the highly active hydrocortisone (16, 
13). Oxidative degradation of the a -ketol side chain leads to the forma-
tion of 17-ketosteroids having androgenic properties (4). 
2 
Approach to the investigation 
In general. the ~tudy of any compound of biological interest 
may be considered to lie in three areas of investigation: 
(a) A study of the chemical nature of the compound 
(b) The action of the compound on cells. organs _and 
organ systems 
(c) The metabolism of the compound by body tissues 
This study is concerned with the last category. namely. the field of 
metabolism of a biologically active substance. Two methods are 
available for studying the metabolism of comJX>unds. namely. the in 
r --
vivo and in vitro methods. When the in vivo technique is used. it is 
difficult to ascertain which tissue is responsible for any given trans-
formation. Some question may arise as to the physiological significance 
of the in vitro method. although the specificity of the tissue action on 
the compound can be clearly delineated. This study is specifically con-
cerned with the metabolism of compoundS using an in vitro system. 
Metabolic reactions of compoundS 
For a better understanding of the nature of the problem. all 
possible in vitro reactions that can take place with a substance such as 
compoundS and liver tissue will be discussed and pertinent references 
cited. 
Figure 1 presents the structure of compound S with the reactive 
centers outlined in the order in which they are to be discussed: 
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(I) Reduction of the C-3 ketone group to an hydroxyl group, 
(II) reduction of the double bond at ,} , (III) reduction of the ketone at 
C -20 to an hydroxyl group, (IV) reduction of the primary alcohol group 
at C-21 to a -CH3 group, (V) oxidative degradation of the C -21 group 
to an etio acid, and (VI) oxidative degradation of the a -keto! side chain 
leading to the formation of a 17 -ketosteroid. 
Reduction of the C -3 ketone group to an hydroxyl group 
Reduction of the ketone group at C-3 may give rise to both 
the 3a -hydroxy or 3/3-hydroxy derivatives. 
3-Keto to 3/3-hydroxy: Samuels (39) observed that testo-
sterone was metabolized to etiocholane -313 -ol-17 -one using chicken 
liver slices. Schneider ~t al. (48) showe~ that the reaction applied as 
well to the C-21 steroids by isolating allopregnane-3/3, 21-diol-20-one 
as a metabolite of desoxycorticosterone (DOC) with rat liver slices. 
Caspi ~t al. (4), who perfused cortisone through rat liver. were able to 
isolate allopregnane-3/3, 17a. 21-triol-11, 20-dione and allopregnane-3/3, 
11/3, 17a, 21-tetrol-20-one. 
Interconversion of the two possible 3 -hydroxy stereoisomers 
can occur by way of a 3-keto intermediate. Schneider and Mason (47) 
incubated androsterone with rabbit liver slices and isolated 3/3 -hydroxy-
epiandrosterone as a metabolite, and Kochakian et~. (26) obtained epi-
androsterone from androstane-3a, 17/3-diol in the presence of rabbit liver 
slices. 
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3-Keto to 3a -hydroxy: Formation of the 3a -hydroxy stereo-
isomer from the 3-keto group was shown by Samuels (39) when he ob-
tained etiocholane-3a -ol - 17 - one from testosterone metabolized by 
chicken liver slices. Schneider et al. (45), starting with DOC in the 
presence of rat liver slices, isolated allopregnane-3a, 21-diol-20-one 
and Cas pi~ al. ( 4), perfusing cortisone through rat liver, obtained 
allopregnane-3a , 17a, 21-triol-11, 20-dione and 3a, 11/3, 17a, 21-tetrol-
20-one as metabolites. Ungar and Dorfman (56) isolated allopregnane-
3a ,17a. 21-triol-20-one from an incubation of allopregnane-17a, 21-
diol-3, 20-dione with whole rat liver homogenate. 
Reduction of the double bond at C4 - C 5 
On reduction of the double bond at c4 - c5 two possible iso-
mers arise with respect to the C-5 hydrogen (5/3 or 5a ). 
~ 4 to 5/3: The metabolism of testosterone to etiocholane -3/3-
ol-17-one and etiocholane-3a. 17-one by liver tissue has been reported 
by Samuels et~. (42). 
~4 to 5a: Allopregnane-3/3. 21-diol-20-one has been isolated 
from the incubation of DOC with rat liver slices (45), and the perfusion 
of cortisone through rat liver yielded allopregnane-3a, 17a -triol-11, 20-
dione and 3a, 11/3, 17a. 21-tetrol-20-one as metabolites (4). 
In in vitro studies, formation of the 5/3-isomer appears to be 
limited to c 19 compounds, whereas in compounds with the a -ketol side 
chain in tact, the reaction seems to be directed to the formation of the 
5a -isomer (allo). 
Reduction of the ketone at C -20 to an hydroxyl group 
· Caspi ~ al. (4) have shown that cortisone is metabolized to 
6 4 -pregnene-17a ~ 20(3~ 21-triol-3~ 11-dione. 
Reduction of the primary alcohol group at C-21 to a -CH
3 
_,.g'-r_o_u~p 
Reduction of the C -21 hydroxyl to a methyl group has been 
d~monstrated only by the use of in vivo methods. Administration of 
DOC to chimpanzee and man (19)~ and to rabbits (17) resulted in the 
isolation of the metabolite pregnane-3a ~ 20a -diol from the urine. 
Mason (30) isolated 11-keto-pregnane-3a~ 20a -diol from the urine of 
humans to whom !!-dehydrocorticosterone had been administered. 
Cortisone was shown to be metabolized to pregnane-3a ~ 17a ~ 20a-
triol-11-one in humans by Dobriner and Lieberman (10). In the case 
of a female with rheumatoid arthritis~ Ungar et al. (53) observed the 
excretion of pregnane-3a ~ 17a ~ 20a -triol after the administration of 
pregnane-17a ~ 21-diol-3~ 20-dione. 
Oxidative degradation of the C -21 group leading to the formation of an 
etio acid 
6 
Oxidative degradation of the C-21 group was shown by Picha 
et al. (32). DOC was perfused through a rat liver using whole blood 
as the perfusing medium~ and significant amounts of A 4 -etiocholenic 
acid -3 -one were isolated. 
Oxidative degradation of the side chain leading to the formation of a 
17 -ketosteroid 
Caspi et_E.(4) isolated adrenosterone from a perfusion of 
cortisone with rat liver, and Savard et_!!.. (44) identified, by means 
of paper chromatography, adrenosterone as a metabolite of cortisone 
which had been incubated with whole homogenates of human liver ob-
tained at autopsy. 
It may be seen from the foregoing that reactions mediated 
by liver enzyme systems are primarily reductive and secondarily 
oxidative. Each reaction results in a proportionate loss o~ alteration 
in the physiological activity of the parent compound. 
7 
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CHEMICAL NOMENCLATURE 
The steroids p.re a class of biologically important compounds 
possessing the perhydrocyclopentanophenanthrene nucleus (Figure 2, 
(a) ). This group of compounds includes cholesterol, ergosterol, and 
bile acids as well as androgens, adrenocortical hormones, estrogens, 
progesterone and their metabolites. Four basic steroid nuclei are 
illustrated in Figure 2: (b) androstane; (c) etiocholane; (d) pregnane; 
and (e) allopregnane. The carbon atoms are numbered with arabic 
numerals and the respective rings lettered A, B, c. and D. 
The steroid nucleus may be considered to lie in the plane of 
the paper with the exception of the angular methyl groups at C-10 and 
C-13 which are oriented above the plane of the paper and are reference 
points for spatial arrangement of the chemical groupings. All sub-
stituents on the nucleus will be considered as being either above or 
below the plane of the paper and by convention those groups which lie 
above the plane of the molecule are represented by a solid line and those 
lying below the plane of the molecule are indicated by a dotted line. 
It may be seen in Figure 2 (b) that the androstane nucleus 
differs from that of etiocholane (c) only with respect to the hydrogen 
at C-5. In the former it projects behind the plane of the molecule and 
lies on the opposite side to the angular methyl groups. This configura-
tion is designated as trans or allo. In the latter (etiocholane) the 
(,t. ) 
19 
CH3 
(a ) 
Figure 2: The basic steroid nuclei. 
9 
I 
H 
H 
10 
hydrogen at C -5 lies above the plane of the molecule and on the same 
side as the angular methyl groups and is designated as the cis or nor-
mal series. The two pregnane nuclei (d) and (e) differ from the C 
19 
steroids in having an ethyl side chain attached to c·arbon 17, but the 
relationship with respect to the hydrogen at C -5 is the same; one being 
designated as the trans., or the allopregnane series, and the other be-
longing to the cis, normal, or pregnane series. 
A second important form of isomerism is encountered with 
hydroxyl group substituents. When the hydroxyl group projects above 
the plane of the molecule it is designated as f3 (beta); below the plane 
of the molecule it is designated as a (alpha). Such epimerization com-
monly occurs at positions 3 and 20. 
A side chain at carbon 17 is designated as {3 in all naturally 
occurring steroids of the adrenocortical or progesterone type. 
In naming compounds, the presence of a double bond is in-
dicated by the Greek letter A (delta) along with a superscript indicating 
the location of the double bond and the suffix "ene". Hydroxyl groups 
are design8:ted by the suffix "ol" which follows the number indicating 
its position, and the letters f3 or a for spatial orientation. Ketone 
groups are located by the suffix "one" preceded by a number designa-
ting its position on the molecule. For example, compound S is: A 4 -
pregnene-17a, 21-diol-3, 20-dione. 
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Abbreviations in terminology will be used in the case of the 
reduced metabolites of compounds. Compounds -indicating reduction 
of the double bond in ring A will be designated as dihydro s.. normal 
(pregnane-17a, 21-diol-3, 20-dione), or dihydro S, allo (allopregnane-
17a .. 21-diol-3, 20-dione)~ and reduction of the double bond and the C-3 
ketone will be_ referred to as tetrahydro S, 3/3-allo (allopregnane-313, 
_l7a, 21-triol-20-one), 3a -allo (allopregnane-3a ,..17a, 21-triol-20-one)., 
3/3-normal (pregnane-313 .. 17a, 21-triol-20-one) .. and 3a -normal 
(pregnane-3a, 17a, 21-triol-20-one). The suffixes specify the spatial 
orientation at positions 3 and 5. Thus far no universal agreement 
exists as to nomenclature, and receritiy C-5 hydrogen arrangements 
have been designated by a and /3, similarly-to hydroxyl group orienta-
tions. The system of nomenclature used her~ is that of Fieser and 
Fieser (21). 
1-
HISTORICAL 
As previously stated~ the general prob~em of investigation 
of any biologically interesting compound lies in three areas: (a) A 
study of the chemical nature of the compound~ (b) investigation of its 
biological activity~ and (c) its metabolism by tissues. These three 
approaches have been .undertaken with compound S. 
Chemistry of compound S 
Reichstein first isolated compound S in 1938 (36) as an 
acetate which had the same melting point as cortisone. Mixed 
melting points of the two compounds produced no depression~ but 
a difference was detected in the elementary composition in addition 
12 
to differences in color reaction when the steroids were treated with 
concentrated sulfuric acid. Cortisone gave an orange color with a 
green fluorescence, while compound S gave a pure red color. The 
structure was established by partial synthesis from dehydroepiandro-
sterone. Von Euw and Reichstein (57) prepared the tetrol of dehydro-
epiandrosterone by a Grignard reaction with allylmagnesium bromide 
and an Oppenauer oxidation yielded 17a -allyltestosterone. Dehydration 
of the tertiary alcohol gave a triene and the two side -chain double bonds 
were hydroxylated with osmium tetroxide. Following protection of the 
C-21 and C-22 hydroxyl groups with acetone, the C-20 monoacetate was 
obtained on acetylation and hydrolysis of the acetal. Oxidation of the 
13 
glycol with periodic acid yielded the acetoxy aldehyde. The free di-
hydroxy aldehyde which was obtained on gentle saponification re-
arranged in hot pyridine to the dihydroxy acetone. 
Biological activity of compound S >,. 
Reichstein and Shoppee (35) demonstrated that compoundS 
was active in the Everse-de Fremery test in which the recovery of 
the fatigued muscle and survival in adrenalectomized rats was 
measured. This test correlates well with the electrolyte activity of 
a compound. However, compound S proved to possess very little or 
no activity in Ingle's work-performance test in adrenalectomized rats 
(22) which is correlated with carbohydrate activity. Clinton~ al. (6) 
studied the effect of compound S on the renal excretion of electrolytes 
in a normal dog and concluded that compound S belonged to the group 
of compounds possessing sodium and chloride retaining properties. 
Apparently hydroxylation of DOC at C -17 reduced the sodium and 
chloride retaining properties. Masson et al. (31) studied the com-
--
parative activities of compound S and DOC and found compound S 
aceta~e to be approximately one-thirteenth as active as DOC acetate 
in the survival of adrenalectonized rats, but compound S did not 
affect diuresis as did DOC acetate. They also observed that in uni-
laterally nephrectomized rats fed a high sodium diet, compoundS did 
not enhance or inhibit hypertension produced by DOC acetate. The 
14 
latter result is in disagreement with the observation of Selye (50) 
who found that compound S did produce hypertension if given in 
adequate doses. Fajano, Louis and Conn (20) studied the metabolic 
effects of compoundS in two normal men and found no effect on 
electrolyte, water or organic metabolis~" · .. The relation of structure 
.· .· 
of adrenocortical steroids to antiphlogistic activities was studied by 
Dougherty and Schneebell (11). Using the loose connective tissue 
spread method, they found that compoundS had antiphlogistic potency. 
4 They observed that the l:l. -3-ketone and th.e hydroxyl at 11 or 17 was 
essential for activity, and maximum activity was obtained when both 
11 and 17 -hydroxy groups were present. Kochakian and Robertson 
(28) found that compoundS had no effect on the body composition of 
mice with respect to protein and fat, and Kochakian (2 7) found that 
compoundS had no influence on body, thymus and spleen weights in 
rats. 
Metabolism of compoundS 
The third area of study, the metabolism of compoundS, 
has been the subject of limited investigation. Polley and Mason (34) 
administered compoundS to patients with rheumatoid arthritis and 
reported an increased excretion of both urinary 17 -ketosteroids and 
formaldehydogenic substance (FS). Fajano ~ al. (29) observed that 
when compound S was administered orally a great increase in 17-
ketosteroid excretion occur;r.~d. Conn (51) confirmed the high 17-
ketosteroid production of orally administered compounds. but found 
that intramuscular administration gave no appreciable rise in 17-
ketosteroid production. A slight increase was seen in urinary FS 
material. Conn implied that when compound S was given orally, 17-
ketosteroid formation may have been due to transformation by the 
15 
liver since on oral administration the portal circulation would bring 
the steroid to the liver in high concentration. Reduced 17 -ketosteroid 
excretion was seen in cases of hepatic damage (51). Del Greco et al. 
(9) made a comparative study of C -21 steroids with and without an 
hydroxyl group at C -17, compound S being selected as the 17 -hydroxy 
C-21 compound. They observed that administration of compounds 
possessing the 17 -hydroxyl function to rats resulted in an increase in 
17 -ketosteroid excretion. whereas in the 17 -desoxy compounds no 
change in 17 -ketosteroid excretion was observed. They concluded that 
c
21 
adrenal precursors of 17 -ketosteroids are 17 -hydroxylated com-
pounds. 
Biogenesis of compound S 
For years the question of the biogenesis of adrenocortical 
hormones has been the subject of much speculation and discussion. 
The primary postulation centered on cholesterol as the possible pre-
cursor of the adrenocortical steroids since it occurred in the gland 
in relatively high concentrations and decreased under AC TH stimulation 
at a time when corticoids were being formed and secreted. Studies with 
C 14 -labeled acetate demonstrated that beef adrenal slices could syn-
thesize cholesterol from two carbon fragments (52). These studies 
were expanded to include the adrenocortical steroids~ and it was in-
deed shown that isotopic cholesterol or isotopic acetate could be con-
verted to labeled adrenocortical hormones (61). 
In the light of available evidence~ a step-wise scheme for 
the possible biogenesis of compound Sis presented (cf. Figure 3). 
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Two possible routes are considered, namely~ from acetate and choles-
terol~ either directly to c21 compounds or indirectly through cl9 com-
pounds. 
It has been proposed~ but not demonstrated (16)~ that 
cholesterol by oxidative processes could be transformed to pregneno-
lone. Definitive evidence for the oxidation of the b-5 -3{3-hydroxyl 
group to the b-4 -3-ketone has been presented. Hechter ~ al. (16) 
obtained progesterone by perfusing pregnenolone through a beef 
adrenal gland, and Samuels et al. (40)~ who incubated adrenal tissue 
with various compounds possessing the b-5 -3{3-ol group, obtained an 
increase in structures containing and a~ {3-unsaturated 3-ketone 
grouping. Hydroxylation at C 17 to yield 17-hydroxyprogesterone has 
also been demonstrated by Hechter ~t al. (16) in adrenal perfusion 
studies, and by Plager and Samuels (33) who employed a supernatant 
from adrenal homogenates. The latter workers also showed oxidation 
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Figure 3: Proposed scheme for the biogenesis of compound S. 
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of the C -21 methyl group by the supernatant from beef adrenal homo-
genates resulting in the formation of compound S from 17 -hydroxy-
progesterone. Haines (13) has offered paper chromatographic analyti-
cal evidence for the formation of small amounts of compound S from 
C 14 -labeled acetate incubated with hog adrenal brei. 
The biosynthesis of adrenocortical hormones via a c 19 
intermediate is almost purely speculative. Oxidative degradation of 
the entire cholesterol sidechain and condensation of acetate or some 
2 -carbon fragment can be considered a plausible mechanism to the 
formation of c 21 corticoids. Ungar and Dorfman (54) have demon-
strated the in vivo conversion of c 14 -acetate to dehydroepiandro-
sterone in a child with adrenal carcinoma. The latter compound, by 
condensing with an acetate unit. could lead to the formation of preg-
nenolone. Hechter (15) has offered suggestive evidence that acetate 
does condense with dehydroepiandrosterone to form hydrocortisone. 
An alternative route would be the oxidation of the b.5 -3/3-hydroxy group 
of dehydroepiandrosterone to A 4 -androstene -3. 17 -dione. Samuels 
~ al. (60) have demonstrated that the 3/3-hydroxy group can be 
oxidized to the b.4 -3-ketone group, and Ungar and Dorfman (55) were 
able to show the in vivo conversion of dehydroepiandrosterone to b.5 -
androstene -3. 17 -dione. Addition of an acetate group and subsequent 
oxidation at C -21 could lead to the formation of desoxycorticosterone. 
which in turn could be hydroxylated at C 17, to yield compound S. 
The last biosynthetic step has been demonstrated by Haines (13) 
19 
who obtained compound S from the incubation of D.OC with hog adrenal 
brei. 
It may be seen that there are many gaps to be filled before 
a complete understanding can be had of the total biogenesis of the 
adrenocortical steroids. 
EXPERIMENTAL 
Methods 
Incubation medium: The same medium was used for both 
the large and small-scale incubations. For each 5 mg. of steroid 
incubated, the following were employed: 
Glutamate 
Nicotinamide 
Phosphate Buffer 
Diphosphopyridine nucleotide (DPN) 
0.16 M 
0.16 M 
0.10 M 
0.02 M 
1. 0 ml. 
o. 5 ml. 
3. 5 ml. 
1. 0 ml. 
20 
L (+)glutamic acid was dissolved in 10% KOH to pH 7. 0, while the 
phosphate buffer at pH 7.35 was prepared from 0.1 M Na2HP04 and 
o. 1 M NaH2Po4• The DPN was neutralized before use. The steroid 
was dissolved in propylene glycol (2. 5 mg. per 0. 15 ml. ). Ether was 
used to aid solution and removed under vacuum once solution was 
effected. 
Preparation of tissue: Male and female albino rats, 
weighing approximately 300 g., were sacrificed and bled. The livers 
were removed quickly (within 1 minute) and placed on ice, then homo-
genized for 30 seconds by means of a Waring blendor at 5°C. The 
homogenate was strained through gauze to remove connective tissue and 
was stored at -10° C. for not longer than two hours . The strained 
homogenate was centrifuged at 6000 x g for 30 minutes and the residue 
21 
separated from the supernatant. In most studies the supernatant was 
employed. 
Incubation procedure: Suitable aliquots of the steroid solu-
tion were placed in either 50 or 125 ml. erlenmeyer flasks followed by 
the tissue preparation and the DPN solution. The flasks were rotated 
to insure mixing and placed in the Warburg apparatus, with the flasks 
0 
open to the atmosphere, at 38 C. for two hours. 
Extraction procedure: Pilot runs were made using 5 mg. 
of steroid per 50 ml. flask. At the termination of the incubation 
period, the pH of the reaction mixture was decreased to approximately 
5. 0 to inhibit further enzymic activity and then transferred to dialysis 
tubing (Nojax, casing 18-32). The reaction mixture was dialyzed in 
500 ml. glass cylinders against three 100 ml. changes of water at 24-
hour intervals over a period of three days. The dialyzing tubes were 
shaken on a rocker type apparatus at 5° C. The dialysates were com-
bined and extracted three times with 50 ml. portions of chloroform. 
The combined extracts were washed with two 10 ml. portions of dis-
tilled water and dried over sodium sulfate. Suitable aliquots were 
taken for analysis and the remainder of the chloroform extract concen-
trated to dryness in vacuo. The method provided relatively clean ex-
tracts which required no further partitioning for separation of steroid 
material from fatty contaminants. 
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For the purpose of isolation, large-scale incubations were 
done. Fifteen mg. of steroid were incubated in 125 ml. flasks. The 
incubation mixture was added to 10 volumes of acetone which afforded 
precipitation of the proteins, and which extracted the steroid metabo-
lites. Mter the acetone mixture was stirred at 5° c. overnight, it 
was filtered through a Buchner funnel and the residue washed with 
hot acetone. The aqueous fractions were combined and concentrated 
in vacuo. Removal of fats was accomplished by adjusting the aqueous 
phase to approximately 70% methanol and extracting with an equal volume 
of ligroin. The extraction procedure was repeated twice more with 
fresh portions of ligroin. The pooled ligroin fractions were washed 
with one-half volume of 70% methanol. The aqueous methanol fractions 
were then combined and the methanol removed by distillation in vacuo, 
the flasks being rotated frequently to prevent superheating and bumping. 
Mter removal of the methanol, the aqueous phase was ex-
tracted three times with equal volumes of chloroform and the residue 
was discarded. The chloroform extracts were combined, washed two 
times with approximately one -twentieth volumes of distilled water and 
dried overnight over sodium sulfate. Finally, the chloroform extract 
was concentrated in vacuo, transferred to a tared vessel, partially 
dried in a stream of nitrogen at 40° c., and completely dried in a 
vacuum dessicator. 
Purification procedures: 
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(a) Column adsorption chromatography: Column adsorption 
chromatography was employed as an initial purification procedure. In 
general the diameter was selected so that the height of the silica gel 
column was approximately three times the diameter. Slurries of silica 
gel (Davidson, 100-200 mesh) in benzene were transferred to a suitable 
glass chromatography tube containing a glass wool plug. The silica gel 
was permitted to pack by gravity until a column was formed. The ex-
tract was dissolved in a minimum volume of benzene and deposited 
carefully on the upper surface of the column. Elution was carried out 
with benzene, benzene - ethyl acetate mixtures (19:1, 14:1, 9:1, 5:1, 
4:1, 3:1, 2:1 and 1:1), ethyl acetate, and finally with methanol. The 
eluates were collected in round-bottom flasks, evaporated in vacuo 
and transferred to small tared tubes in which they were dried and 
weighed. 
(b) Paper chromatography: Greater resolution of substances 
derived from the incubation extracts was obtained by paper chromato-
graphy. Both toluene-propylene glycol (59) and ligroin-propylene 
glycol (43) were employed. Whatman #1 filter paper was divided into 
16-17 X 58 em. strips which were put through a preliminary washing 
with benzene-ethanol mixture (1:1) for 48 hours in a Soxhlet extractor 
and dried at room temperature. The dried, washed strips were im-
pregnated with a 1:1 mixture of methanol and propylene glycol. blotted 
and the material to be chromatographed was applied along a penciled 
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line 10 em. from one end of the paper strips. Such application of the 
extract was performed by dissolving the material in a 1:1 mixture of 
methanol and methylene dichloride and depositing it along the start line 
with intermittent drying of the solvent in a nitrogen stream. Ordinarily 
the papergrams were developed in a particular system for from 10-72 
hours. A run-off beaker was placed at the bottom of the chromatogram 
as a precautionary measure. The chromatographic strips were dried in 
a hood at room temperature overnight. 
For locating the various substances, 2 mm. strips were cut 
from the chromatogram and exposed to several color-forming reagents. 
This procedure permitted positioning of the reactive zones which were 
used as references for separating the corresponding areas on the paper-
grams. Those parts of the paper containing compounds which were 
detected by the color reactions were cut up into small pieces and eluted 
in methanol-methylene dichloride (1:1) for 24 hours. This period of time 
was sufficient for complete elution and the solution was decanted into 
round-bottom flasks, the solvent being removed by vacuum distillation. 
It has been shown that several co-distillations with benzene removed any 
traces of propylene glycol that may have been extracted from the paper 
during elution (2). 
Paper chromatography served four purposes: (a) Spotting for 
qualitative determination of the number of possible metabolites resulting 
from the pilot incubation (b) screening silica gel eluates, (c) preparative 
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chromatography for resolution of compounds not separated in the initial 
silica gel fractionation, and (d) for suggesting chemical structure on 
the basis of mobility (the number and type of oxygen functions in a 
molecule determine its polarity and thus its relative mobility and color 
reactions) and comparison of mobility rates of known and unknown 
steroids, individually or in mixed chromatograms. 
(c) Digitonin separation: According to the method of 
Schoenheimer and Dam (49), digitonin precipitation was used to 
separate 3a -hydroxy and 3{3-hydroxy stereoisomers. A 2o/o solution 
of digitonin in 90% ethanol was added to an equal volume of solution 
of the steroid in 90% ethanol and permitted to remain at room tern-
perature overnight. A digitonin-steroid ratio of 5:1 was used. The 
formation of a precipitate revealed the presence of a 3{3 -hydroxy com-
pound while any 3a component remained in solution. The precipitate 
was centrifuged, washed successively with 90% ethanol and ether and 
dried. The 3a -fraction in addition to the alcoholic and ether washings 
were combined and evaporated to dryness in a stream of nitrogen. 
The digitonide complex was decomposed by dissolving in 
warm pyridine and permitting the solution to stand overnight at room 
temperature. After this period of time the addition of ten volumes of 
ether precipitated the digitonin which was centrifuged and the residue 
was extracted three times with ether. The ether fractions were com-
bined, washed successively with 2 N HCl, 1 N NaOH, and finally with 
distilled water until neutral. The. aqueous washings were extracted 
twice with ether, the latter being combined with ·the ether fraction, 
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and after drying overnight with sodium sulfate was decanted and evapora-
ted to dryness in vacuo. 
Analytical procedures: Several analytical procedures were 
utilized for estimating the quantity of steroid material in the incuba-
tion extract~. 
(a) Quantitative estimation of formaldehydogenic steroid (FS): 
The chromotropic method (7) was employed for the estimation of FS 
material. To dried 50 Jlg. samples, o. 2 ml. of glacial acetic acid, 
2. 0 ml. water and o. 1 ml. o. 05 M periodate in o. 3 N H2S04 were 
added and the mixture allowed to stand for 40 minutes. The excess 
periodate was destroyed by the addition of 0. 2 ml. 6o/o stannous chloride 
in 0. 3 N HCl and contaminating chromogen was adsorbed on a 1o/o 
aqueous suspension of charcoal (2. 5 ml. ) • After filtration, a 2. 0 ml. 
aliquot of the filtrate was mixed with 2. 0 ml. of o. 2o/o chromotropic 
acid (1, 8-dihydroxynaphthalene-3, 6-disulphonic acid) in concentrated 
sulfuric acid. Color development occurred upon heating in a boiling 
water bath for 30 minutes, and 4. 0 ml. of 9 N sulfuric acid were added 
to the solution after cooling. The FS material was estimated by the 
absorption of the color product at 570 Irl).l in a Coleman colorimeter 
against a reagent blank. A variation no. greater than 10% was obtained 
with 100 )lg. duplicates of des.oxycorticosterone as a standard. 
(b) Quantitative estimation of 17-ketosteroids: A colori-
metric procedure for the quantitative estimation of steroids reacting 
with the Zimmermann reagent was employed for ana~yzing the incu-
bation extractions (18). Dried extracts (20-100 JJ.g.) were reacted 
with 0. 4 ml. of lo/o m-dinitrobenzene in 95o/o ethanol and o. 2 ml. 5 N 
aqueous KOH for 90 minutes at 27° C. At the end of this period the 
reaction solution was diluted with 5. 4 ml. 60o/o ethanol and read at 
520 .u in a Coleman colorimeter. The concentration was calculated 
from a standard calibration curve for dehydroepiandrosterone. 
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(c) Quantitative estimation of a I /3-unsaturation: A third 
analytical procedure was used which permitted estimation of compounds 
possessing the 6 4 - 3-ketone grouping in ring A. It is well established 
that such a chemical grouping has a maximum absorption near 240 mp 
in the ultraviolet (58). A methanolic solution of the extract was 
examined at 240 m}.l in a Beckman DU spectrophotometer 1 and the 
concentration was calculated from a standard calibration curve ob-
tained with compoundS. 
(d) Melting point determination: A Koeller melting point 
block mounted on a microscope stage was used for the determination 
of all melting points which are reported here as uncorrected. 
(e) Paper detection procedures: Three color reactions 
were applied in the detection of steroid metabolites. Triphenyl 
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tetrazolium chloride (TPTZ) was prepared as an o. 2% solution in 
water and a 2:1 mixture of this reagent with 10% sodium hydroxide 
permitted localization of compounds containing a -ketol groupings (3). 
After passage of the papergram through the reagent mixture. the 
appearance of a red color within 30 seconds indicated a positive reac-
tion. Some glycols may give a positive reaction. but only after being 
exposed to the reagent for several minutes (5). 
Further structural information resulting from a color 
reaction may be obtained with 2. 4-dinitrophenylhydrazine (DNPH). 
Zaffaroni (60) has shown that D-4 -3-ketones give an orange color 
whereas non-conjugated 3-ketones produce a yellow color. Color 
formation with a 20-ketone (pale yellow) is doubtful Unless significant-
ly high concentrations (200 }.lg. or more) of steroid are present. The 
strip to be developed was submerged for 15-30 minutes in a saturated 
solution of DNPH in o. 5 N HCl with subsequent washing in water to 
remove extraneous background color. 
The use of an alkaline solution [of m -dinitrobenzene for 
the determination of 17 -ketosteroids has long been known (62). A 
number of modifications of this Zimmer, ann reagett have been 
reported. but the use of a 2% m -dinitrobenzene solution in conjunction 
with a 2. 5 N alcoholic KOH solution has given exceptionally good 
- I 
results in the development of papergrams (37). The paper strips 
were passed through t~e alkali first. excr ss reagent being blotted 
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off, and then the strips were wetted with ,-dinitrobenzene solution, 
blotted again and put in an oven at 70° C. or one minute. 17 -Keto:ae 
groups produced a very characteristic pur le color whereas conjuga-
ted or non-conjugated 3-ketones gave a bl e color rapidly fading to 
grey, and 20-ketones gave a non-specific oroW!1 color. 
The papergrams were examined under an ultraviolet lamp 
(Model v -41, Ultraviolet Products Co., P r adena, Calif.) before 
color development. Visual observation of darkened zones was pos-
sible when steroids were present with an • J3-unsaturation (12). 
(f) Infrared spectrometry: The ·nrrared absorption 
spectra were obtained on a 12C Perkin-Elrher spectrometer employ-
ing a sodium chloride prism. All substanj es were studied in the 
solid state as crystalline films deposited ft om methylene chloride-
methanol solutions. 
Acetylation of steroids and hydrplysis of steroid acetates; 
Compounds to be acetylated were dissolve, in a minimum volume of 
pyridine and reacted with an equal volume l f acetic anhydride at room 
temperature overnight. The reaction mi,re was diluted with 10 
volumes of water and extracted with ether which was successively 
I 
washed with 2 N HCl, 1 N NaOH and distillkd water until neutral. 
I 
The washings were back-extracted with ether and the combined either 
extracts dried over sodium sulfate, decant~d and taken to dryness in 
vacuo. 
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Hydrolysis of acetates was accomplished by solution of the 
material in a minimum volume of methanol and an equimolar quantity 
of aqueous potassium carbonate was added. After six hours at room 
temperature in an atmosphere of nitrogen, acetic acid was used to 
I 
neutralize the reaction mixture which was then concentrated in vacuo. 
---
The concentrate was diluted with an exce~s of water and extracted 
three times with equal volumes of chloroform. The chloroform ex-
tract was washed twice with small amounts of water and dried over 
sodium sulfate. In those cases where difficulty of hydrolysis was 
encountered, sodium hydroxide was substituted for the potassium car-
bonate. 
Incubation of compoundS 
This section describes two groups of experiments: (a) 
I 
Incubation of pilot amounts of compoundS for the selection of a 
suitable enzyme preparation which would I effect oxidative and reduc-
tive changes in the molecule, and (b) large-scale incubations to afford 
adequate quantities of products for isolation purposes. 
Pilot incubation: Four different tissue preparations were 
used in the pilot experiment to find an adequate incubation preparation. 
Five mg. quantities of compound S were incubated with each of the 
following tissue _ preparations: Whole homogenate (WH), residue 
reconstituted with buffer media after centrifugation of the whole 
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I 
I 
homogenate (R), supernatant (S), and res~due plus supernatant resus-
pended after centrifugation (RS). The ste~oid material was separated 
I 
by dialysis and chloroform extraction of t r e dialysate. The extracts 
were analyzed for FS material, 17 -ketost~roids and A4 -unsaturated 
I 
ketones. The results are given in Table I. 
I 
Within the limits of the experirdent, there was an indica-
1 
tion that the reducing activity of the liver Jhomogenate resided pre-
1 
i 
dominantly in the supernatant which showed a greater loss in U :V 
I 
absorption at 240 mJI than the residue. The FS and Zimmermann 
I 
data showed no significant changes. However, paper chromatogra-
1 . 
I 
phic analysis (presented later) indicated that all four preparations 
produce<lll nearly the same quantitative an1 qualitative results. and 
that conversion products were being obta~ed. It was decided to 
select the supernatant as the preparation for use in further experi-
ments. Since considerable extraneous material had been removed 
on centrifugation, extraction difficulties J hould be lessened. 
Aliquots (200 .ug.) of each of thl extracts were applied to 
I 
paper strips (1 em. wide) and developed t the toluene-propylene 
glycol system. E cch of the four preparations yielded three com-
pounds which appeared to be similar on t J e basis of their .mobilities 
I 
(cf. Figure 4). The compound in the inte~mediate zone migrated at 
the rate of compound s. The slowest migl ating compound gave a 
I 
i 
positive TPTZ reaction, a negative DNPH reaction, and was not 
I 
TABLE I 
. I 
Analytical Results from Analysis of Four Different Tissue Preparations 
I 
I· 
I 
FS 17-KS UV(240 mu) 
mg. rhg. mg. 
I 
Cpd. s 5 mg. WH 2. 04, 1.9 o. ,. 0,58 
Cpd. s 5 mg. R 2. 03, 1. 9 1.05, 1.01 
I 
0.148 
1.54 
Cpd. s 5 mg. s 1. 85, 1.82 o. 61 , 0.95 
Cpd. s 5 mg. RS 1.77 0.48 0. 7f3, 
0.98 
0.100 
Cpd. s 5 mg. Intact 2. 04, 1. 96 o. 9r. 0.72 
tissue 
1.32 
Cpd. s 5 mg. Intact 2. 18, 2. 2 1. 36, 1.09 2.36 
tissue I 
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Figure 4: Preliminary paper chromatographic analysis in the toluene-propylene glycol system. 
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detected under UV light. The fastest migrating compound gave a 
I 
positive TPTZ reaction and a yellow DNrH reaction and was not 
visible under UV light. These results s i ggested that compoundS 
was metabolized to at least two reduced !steroids. In one case, re-
duction of only the double bond with a consequent increase in 
mobility rate on paper (decreased polarily) was suggested, while 
the other metabolite ap~eared to have u j dergone complete reduc-
tion of the a, tl-unsaturated grouping (in~reased polarity). 
I Paper chromatography of the same extracts was re-
. I 
peated.using the ligroin-propylene glycol system. Migration time 
was th1rteen and one-half hours, and androsterone was run as the 
standard. The results after color devell pment are illustrated in 
Figure 5. Reactions with the Zim~ermlnn reagent indicated two 
I 
zones on each strip which gave the characteristic purple color of 
l 7 -ketosteroids. The fastest migrating ~one had approximately the 
same mobility as the standard, androste~one. Color reactions 
I 
near the origin indicated the presence of polar compounds with the 
a -ketol side chain still intact. i 
I Chromatography data from both the toluene and ligroin 
systems suggested that oxidative degrad~tion of the a -ketol side 
chain had occurred in addition to reduction of the double bond and 
the ketone at position three. 
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Figure 5: Preliminary paper chromatographic analysis in the ligroin propylene glycol system. 
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Incubation of 360 mg. of compound S: 520 Grams of rat 
liver were homogenized with 580 ml. of the bufferred medium and 
540 ml. of supernatant was obtained after centrifugation. To each 
flask containing 10 mg. of steroid, 14 ml. of supernatant were added. 
The DPN was added immediately before the flasks were placed in the 
Warburg apparatus and incubated for two hours at 38° c. 
The reaction mixture was extracted and partitioned as 
previously described yielding 1. 2 g. of dried crude extract which 
was chromatographed on 72 g. of silica gel. A total of 38 eluates 
(100 ml. each) were obtained as follows: 
Fraction Solvent used 
1-5 Benzene 
6-7 Benzene-ethyl acetate 19:1 
8-11 II II II 9:1 
12-13 II II II 4:1 
14-18 II II II 3:1 
15-21 II II II 2:1 
22-27 II II II 1:1 
28-36 Ethyl acetate 
37 Methanol (500 ml.) 
Aliquots (200 .ug.) of each elu.ate were applied to 1 em. 
strips of paper and developed in the toluene-propylene glycol system 
and the compounds detected with the various spotting reagents. 
36 
37 
The results are illustrated in Figure 6. 
Fractions 8-16 were run for three hours and no spots were 
evident after development with TPTZ, DNPH or the Zimmermann 
reagent. 
Fractions 17-20 were chromatographed for five and one-
half hours producing one spot which gave a positive TPTZ and a yel-
low color with DNPH, but produced no dark band when viewed under 
ultraviolet light. The same spot was present in fraction 21 in 
addition to a slower migrating component which was comparable to 
standard compoundS in mobility and color reactions. 
Fractions 22-23 indicated the presence of only starting 
material after a five and one-half hour migration while this period 
of chromatography indicated the presence of starting material and a 
more polar component which gave a positive TPTZ and a yellow 
reaction with DNPH in fractions 25-28. 
Fractions 29-33 were chromatographed for 22 hours and 
detection methods indicated starting material and two more polar 
components; the most polar gave a positive TPTZ and a pale yellow 
DNPH and the compound of intermediate mobility gave a positive 
TPTZ and a negative DNPH. 
Fractions 34-36 were chromatographed for 22 hours and 
.. • 
yielded one spot which gave a positive TPTZ and a pale yellow DNPH. 
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The above spotting procedures guided the pooling of the 
various silica gel eluates for bulk paper chromatography# afford-
ing greater resolution of mixtures. Therefore# fractions with 
similar components were combined as follows: 
• 
Fractions Pools 
10-16 A 
17-21 B 
24-28 c 
29-33 D 
34-36 E 
Results of chromatographing the pooled fractions in the toluene-
propylene glycol system are as follows (cf. Table II): 
Fraction B (27. 4 mg.) was applied to a 16 em. wide 
strip of paper and developed for nine hours. A slower moving 
component (near 7. 0 em. ) was identified as compound 81 and a 
faster moving component (near 17 em. ) gave a positive TPTZ 
and a yellow DNPH and was not detectable under the UV light. 
Fraction C (83 mg.) was chromatographed on two 16 em. 
wide strips of paper for 24 hours. A zone near 6. 5 em. gave a 
positive TPTZ and a pale yellow DNPH# and one zone near 22. 5 em. 
migrated similarly to compound s. 
Fraction D (72 mg.) was applied to two 16 em. wide 
strips of paper and developed for 48 hours. A zone at 2. 0 em. gave 
TABLE II 
Results from Preparative Paper Chromatography of the Pooled Silica Gel Fractions of the First 
Large-Scale Incubation 
Pooled fractions Length of No. of Distance (em.) UV Wt. after 
time dev. bands from origin D P N H T P T Z L AM P paper 
(hrs. ) elution 
B 9 2 (1) 1. 5 orange + + not eluted 
(17-21) (2) 17.0 yellow · + - 27mg. 
C 24 2 (1) 6. 5 pale yellow + - 45 mg. 
(24-48) (2) 22. 5 orange + + not eluted 
D 48 3 (1) 2. 0 yellow~range + - 26 mg. 
(29-33) (2) 7. 5 yellow + + 6 mg. 
( 3) 17. 0 yellow - - 3. 5 mg. 
E 72 2 (1) 3. 0 faint yellow + ;;. 15. 3 mg. 
(34-36) (2) 15.0 yellow-orange - + 4. 5 mg. 
~ 
0 
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a positive TPTZ, a yellow-orange DNPH and was not visible under 
the ultraviolet lamp. The third zone, located at 17 em., produced no 
color with TPTZ and gave a yellow DNPH reaction. 
Fraction E (29 mg.) was applied to a strip of paper 16 
em. wide and developed for 72 hours. A band near 3 em. gave a 
positive TPTZ reaction and a ·faint yellow DNPH and the faster com-
ponent, located at 15 em., gave a negative TPTZ and a yellow-
orange DNPH and was detectable under the ultraviolet lamp as a 
dark band. 
Each product obtained from elution of the various zones 
of the bulk papergrams were designated by the letter assigned to 
that particular group of pooled silica gel fractions and by a number 
corresponding to the zone oft the respective papergrams as indica-
ted in Table n. 
Of the products obtained from the elution of the paper 
zones, only fractions C-1, D-1 and E-1 yielded material which 
appeared to be crystalline in nature. Structural interpretations 
were feasible since color reactions, mobility rates and behaviour 
under the ultraviolet have been shown to be related to chemical 
structure. C-1 gave a positive TPTZ reaction indicating that the 
a -ketol side chain was present while a negative DNPH revealed 
reduction of the 3 -ketone to an hydroxyl group. The absence of a 
dark band under the ultraviolet light pointed to saturation of the 
c 4 - c 5 nuclear double bond. These data could fit four possible 
isomers, namely, tetrahydro S, 3{3-allo; 3a -allo; 3{3-normal; 
or 3a -normal. In view of the evidence previously presented, it 
was believed that the pregnane isomers played a minor role. 
Further fractionation of C -1 with digitonin yielded a 
f3 fraction (3. 6 mg.) and an a fraction (16 mg.). Crystallization 
of the f3 fraction from absolute ethanol yielded 2 mg. of small, 
colorless needles melting between 185-205 ° C., and no change in 
the melting point was obtained after recrystallization. Infra 
red analysis and comparison of the spectra with an authentic 
sample of tetrahydro S, 3{3-allo, indicated strong similarities, 
but sufficient differences to prevent identification. The a fraction 
was set aside for future study. 
Fraction D-1 gave qualitative tests similar to C-1, a 
difference being noted in the DNPH reaction in addition to a gross 
difference in mobility. C-1 showed a mobility of 0. 27 em. per 
hour, and D-1 0. 048 em. per hour in the toluene-propylene 
glycol system. The mobility of D-1 was quite similar to that of 
a saturated adrenocortical type of compound containing 5 oxygen 
functions. Digitonin fractionation yielded only traces of a f3 
fraction, and a 15 mg. a fraction. Crystallization from absolute 
ethanol yielded 10 mg. of material (m. p. 206-210° c.), and on 
recrystallization 6. 7 mg.__(m. p. 207-209° C.) was obtained. 
42 
Infra-red analysis indicated a reduced structure. but comparison · 
with the available tetrahydro S compounds (3{3-allo and 3{3-normal) 
showed no similarities. 
The lack of a reference compound and the limited 
quantities of metabolites prevented study of degradation products 
for further characterization. Therefore. a larger incubation of 
compound S was undertaken to permit isolation of increased quan-
tities of transformation products. 
Incubation of 885 mg. of compound S: 1200 Grams 
of rat liver were homogenized in 1200 ml. of the bufferred 
medium and 1450 ml. of supernatant were obtained after centri-
fugation. To each flask containing 15 mg. of steroid. 20 ml. of 
supernatant were added and the mixture incubated for two hours 
at 38° C. The DPN was added immediately prior to placing the 
flasks in the Warburg apparatus. Mter extraction. defatting 
and drying. 1. 98 g. of crude extract were obtained. The ex-
tract was adsorbed on a 120 g. column of silica gel and eluted 
in 100 ml. volumes. a total of 76 fractions being collected as 
follows: 
Fractions 
1-5 
6-8 
Solvent systems 
Benzene (500 ml.) 
Benzene-ethyl acetate 19:1 
43 
10-13 Benzene-ethyl acetate 14:1 
14-17 II II II 9:1 
18-21 II II II 4:1 
22-23 II I I II 3:1 
24 - 44 II II II 2:1 
45-51 II II II 1:1 
-53-57 Ethyl acetate 
58-59 Ethyl acetate-methanol 99:1 
60-65 II II II 98:2 
66-75 II II II 97:3 
76 Methanol 
Aliquots (200 ..ug.) of the above series of silica gel 
eluates were applied to 1 em. wide strips of paper and developed 
in the toluene-propylene glycol system. The various fractions 
were analyzed by paper chromatography as illustrated in Figure 
7. 
Fractions 25-34, after chromatographing for 18 hours. 
yielded two major bands. The slower migrating band was iden-
tified as compound S on the basis of mobility and color reactions. 
The second compound, migrating approximately twice as fast as 
compound S, gave a positive TPTZ and a yellow DNPH, and was 
not detected under the ultraviolet light. The migration rate was 
44 
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·comparable to that of DHS normal run simultaneously. 
Fractions 35-42 were resolved individually and three distinct 
compounds were found after chromatographing for 44 hours. The 
fastest moving band corresponded to compound S and the other two com-
pounds, which ran very close together. gave positive TPTZ and negative 
DNPH reactions and were not detectable under the UV lamp. The same 
results were obtained with fractions 43-50. 
Fractions 51-62 yielded two compounds after a 48 -hour 
migration period. One compound was extremely polar and migrated 
approximately one em. from the origin. It gave a positive TPTZ 
reaction and a pale yellow DNPH was detected under the UV lamp. 
The second faster migrating band gave a negative TPTZ and a yellow-
orange DNPH and was detected as a dark band under the UV lamp. 
The fractions beyond 63 were not studied further for pur-
poses of the immediate work. Fractions 26-33 (designated as Pool 
F) and fractions 34-53 (designated as Pool G) were combined for pre-
parative paper chromatography. 
Pool F (127 mg.) when applied to three 17 em. wide strips 
.of paper and developed in the toluene-propylene glycol system for 18 
hours, yielded two components. The slower migrating material was 
identified as compound S while the faster moving compound gave a 
positive TPTZ and a yellow DNPH and was not detected under the UV 
lamp. 
Pool G (321 mg.) was applied to six 17 em. wide strips of 
paper and run for 72 hours in the toluene -propylene glycol system. 
Two bands were located which gave positive TPTZ and negative 
DNPH reactions and were not visible under the UV lamp. T he com-
poundS present in fraction G had migrated off the paper and was col-
lected in the run-off beaker. Results from the above two bulk paper 
separations are tabulated in Table ITI. 
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For purposes of this study, attention was focused on frac-
tion G-1 (Table liT). This material was chromatographed on a 9 g. 
silica gel column and consecutive eluates containing crystalline 
material were selected and pooled (65 mg.). Crystallization from 
ethanol yielded 30 mg. of small, colorless needles which melted be-
tween 185-205° C., and the mother liquor resisted further crystalliza-
tion. The crystals were subjected to digitonin separation and 16 mg. 
of a {3 fraction and 26 mg. of an a fraction were obtained. A total of 
42 mg. was found in the separated fractions as compared to the original 
30 mg. before digitonin separation. The reason for this additional 
material was not apparent. Crystallization of the {3 fraction from 
absolute ethanol yielded 5. 0 mg. of material melting between 210-
2130 C. Three mg. of this crystalline {3 compound was acetylated 
yielding 3. 5 mg. of product. Crystallization from absolute ethanol 
yielded 2 mg. of small, colorless needles (m. p. 198-200° C.). 
TABLE Ill 
Results from Preparative Paper Chromatography of the Pooled Silica 
Gel Fractions of the Second Large -Scale Incubation 
Pooled fractions Length of No. of Distance (em.) 
time dev. bands from origin 
(hrs.) 
F 
(26-33) 
G 
(34-53) 
18 
72 
2 
2 
(1) 12 
(2) 22 
(1) 22 
(2) 37 
DPNH 
Orange 
Yellow 
Faint yellow 
Faint yellow 
uv 
TPTZ LAMP 
+ + 
+ -
+ -
+ -
Wt. after 
paper 
elution 
63 mg. 
84 mg. 
162 mg. 
60 mg. 
~ 
co 
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Crystallization of the a fraction from absolute ethanol yielded an initial 
8 mg. crop of crystals melting at 203-213° c. 
The infrared spectrum (cf. Figure 8, a) of one compound sus-
pected to be a tetrahydro S contained an intense hydroxyl absorption 
band near 3 .u and a carbonyl band near 5. 84 u. The presence of this 
absorption band in the carbonyl region confirmed the absence of a. f3-
unsaturation while an intense band near 9. 57 u (23, 38, 8) indicated the 
presence of an hydroxyl group at C-3. This substantiated the sus-
picion that the compound was a tetrahydro s. The 9. 57 u band per-
mitted elimination of a C -3 a -hydroxyl group cis to a C -5 hydrogen 
since such spatially orientated structures give rise to a dominant 
band nearer 10 .u (38). The acetate of this tetrahydro S also was sub-
mitted for infrared analysis (Figure 9, a). Complete acetylation was 
demonstrated by the appearance of two bands near 5. 74 and 5. 78 ..u 
which originated from the ester carbonyl groups, and by two bands near 
7. 92 and 8.1lu which arose from acetate groupings (24). The 2. 9 ..u 
band indicated the presence of the non -esterified C -17 hydroxyl function. 
Usually ketone absorptions of ester groups occur at the same frequency 
but an acetate at C -21 has been shown to have a vicinal effect on the 
C-20 ~etone displacing the vibrations of the latter (5. 84 ).1) and permitting 
distinction of the C -21 acetate from non -affected acetate groups on the 
basis of their carbonyl absorptions (25). This explained the presence of 
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three carbonyl absorption bands in the spectrum of the acetate. Because 
of this vicinal effect, further structural elucidation was possible since 
C-3 and C-20 ketone groups can be resolved in C-21 acetate steroids (25). 
Yet the spectrum of the unknown acetate showed no absorption that 
could have arisen from a C-3 carbonyl group. Therefore, deduction 
of the presence of an acetylated hydroxyl group at position C -3 was 
feasible. 
Finally, superimposition of the individual spectra of the free 
and esterified compounds with those obtained on a known tetrahyd:r:-o s. 
3{3-allo (Reichstein 1s substance P, Figure 8), and its diacetate 
(Figure 9) proved that the unknowns were allopregnane-3{3, 17a. 21-
triol-20-one and its diacetate, respectively. 
There was considerable discrepancy in the melting points of 
the isolated compound and that reported for the same compound by 
Reichstein who reported a melting point of 230-239° C. (35). The 
substance P used as a reference standard was obtained by hydrolysis 
of the diacetate with sodium hydroxide and after recrystallization twice 
0 ; . .. 
from absolute ethanol melted between 214-216 C. The configuration of 
this compound at C-3 and C-5 was checked by sodium bismuthate oxida-
tion to the 17 -keto analogue according to the method of Brooks and 
Norymberski (1). Androstane-3{3-ol-17 -one (epiandrosterone) was 
obtained as the product, confirming the configuration of the parent 
compound • . This discrepancy in melting points appears to be due to the 
53 
crystal form obtained, the degree of crushing in preparation for the 
melting point determination and the rate of heating. In this study, the 
range of melt rather than absolute melting points have been used as 
criteria for purity of crystalline compounds. 
Some structural interpretation from the spectrum of the com ... 
pound isolated from the a fraction also was possible. Its infrared curve 
(cf. Figure 10) differed from those of the three available tetrahydro S 
compounds; 3{3-allo; 3a -normal; and 3{3-normal. One carbonyl was 
indicated near 5. 85 .u while an absorption band near 2. 95 ..u was 
assigned to hydroxyl vibrations. An intense band near 9. 91 .u was 
strong evidence for the presence of a C -3 a -hydroxyl group cis to a 
C -5 hydrogen (38). Although no reference substance was available, 
and therefore unequivocal indentification not possible, the infrared data 
favored an allopregnane-3a, 17a, 21-triol-20-one structure. 
Evidence for the production of 17 -ketosteroids was obtained 
. by paper chromatographing the runoff from pool F in the ligroin-
propylene glycol system. The Zimmermann reagent indicated the 
presence of two compounds which gave the characteristic purple for 17-
ketosteroids. The faster migrating compound had the same mobility as 
androstane -3a -ol-17 -one (androsterone). This com pound was eluted 
from the paper and a mixed chromatogram with androsterone ·was pre-
pared and run. Color development with the Zimmermann reagent demon-
strated that the mixed chromatogr .. a:m migrated as a homogeneous band 
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which afforded tentative identification of one 17 -ketosteroid as 
androsterone. 
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SUMMARY AND CONCLUSIONS 
Although it has been known that 6 4 -pregnene-17a, 21-diol-
3, 20-dione (Reichstein's compoundS) is an intermediate in the bio-
synthesis of hydrocortisone (13), little was known of other aspects of 
its metabolism. The in vitro technique for study was chosen in the 
hope that the isolation of metabolites would permit an interpretation 
of the mechanism involved in the metabolism of compounds. Since 
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it has been demonstrated that liver contains a relatively high concentra-
tion of the necessary enzyme systems for the transformation of steroids, 
preparations of this tissue were selected for this in vitro metabolism 
study. 
Compound S was incubated with several types of enzyme 
preparations of rat liver and products containing reduced structural con-
figurations involving positions 3 and 5 were isolated. The utilization 
of silica gel column and paper chromatographic resolution has permitted 
the purification and resolution of two steroid metabolites in crystalline 
form. 
A combination of physical and chemic8.1 studies, including 
paper partition mobility characteristics, formation of color products 
with 2. 4-dinitrophenylhydrazine reagent (DNPH), triphenyl tetrazolium 
chloride reagent (TPTZ) and infrared spectrometry has permitted un-
equivocal identification of one compound and the partial identification of 
a second. Additional proof of stru~ty.r.e was afforded by preparation of 
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the diacetate and formation of the digitonide complex in the case of the 
3/3-hydroxy reduced structure. 
It would appear that of the steroids isolated, allopregnane-
3(3, 17a, 21-triol-20-one (tetrahydro S; 3/3-allo) and allopregnane-3a 1 
17a 1 21-triol-20-one (tetrahydro S; 3a -allo), that the 3a -allo reduced 
form occurred in the higher concentration. These results agree with 
those of Caspi~ al. (4) who obtained predominantly the 3a -allo 
metabolite of cortisone after perfusion of the latter through rat liver. 
On the other hand, Schneider (45) reported that rat liver slices con-
verted A4 -pregnene-21-ol-3 1 20-dione (DOC) primarily to the allo-
pregnane-3/31 21-diol-20-one. It is conceivable that tissue slice prepara-
tions may yield different conversions. 
In addition to the two transformation products that were iso-
late.d from the incubation of compoundS with rat liver, one of which 
was unequivocally identified, other as yet unidentified substances were 
shown to be present on the basis of color reactions and paper mobilities. 
These substances have been partially characterized as allopregnane-3a 1 
17a 1 21-triol-3, 20-dione (dihydro S -allo) or pregnane-17a 1 21-diol-3, 
20-dione (dihydro S-normal)1 17 -ketosteroids (a highly characteristic 
purple color was obtained with the Zimmermann reagent), and the 
presence of two compounds more polar than the tetrahydro S was 
observed. One of these more polar compounds failed to give a positive 
reaction with TPTZ 1 but did give a yellow-orange DNPH and was 
observed as a dark band under the ultraviolet lamp, which may indi-
cate that only reduction of the C -20 ketone of the parent compound 
4 had taken place. Recently 6 -pregnene-17a, 20{3, 21-triol-3, 11-dione 
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was isolated from a rat liver perfusion of cortisone by Caspi~ al. (4). 
The second polar component did react with TPTZ to form a 
color product which indicated that an intact a -ketol side chain was 
present but was shown to be reduced at positions C-3 and C-5 by 
infrared spectroscopic analysis. Since this substance is more polar 
than tetrahydro S and was reduced in ring A, it is suggested that an 
additional oxygen function may have been introduced into the molecule. 
This would serve in part to explain the high degree of polarity ex-
hibited by the compound on the basis of paper mobility. Schneider 
5 
and Mason (48) have reported the isolation of 6 -androstene-3{3, 16a, 
17{3-triol after the incubation of dehydroepiandrosterone with rabbit 
liver slices which indicated hydroxylation at position 16. This evidence 
demonstrates that liver enzyme systems are capable of introducing an 
additional oxygen furiction into the steroid molecule. 
The present study has once again confirmed the reductive 
nature of liver tissue reactions on steroids. If one takes into considera-
tion the formation of both the dihydro and the tetrahydro metabolites, 
it is conceivable that the reaction may proceed first with reduction of 
the double bond in ring A, followed by reduction of the C -3 ketone. 
On the other hand, the reduction of the C -3 ketone first followed by 
• 
I 
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reduction of the double bond must also be considered. Reduction at 
C -20 and at C -21 in addition to oxidation at other points on the molecule 
cannot be eliminated. Finally~ loss of the side chain has been indicated 
by paper chromatographic means by obtaining compounds which· gave 
positive Zimmermann reactions and which showed mobility characteris-
tics similar to those C-19 compounds possessing two oxygen functions • 
i 
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ABSTRACT 
Although it has been known that A4 -pregnene-17a, 21-diol-
3, 20-dione (Reichstein's compoundS) is an intermediate in the bio-
synthesis of hydrocortisone (13), little was known of other aspects 
of its metabolism. The in vitro technique for study was chosen in 
the hope that the isolation of metabolites would permit an interpreta-
tion of the mechanism involved in the metabolism of compoundS. 
Since it has been demonstrated that liver contains a relatively high 
concentration of the necessary enzyme systems for the transforma-
tion of steroids, preparations of this tissue were selected for this 
in vitro metabolism study. 
Compound S was incubated with several types of en z y m e 
preparations of rat liver, and products containing reduced structural 
configurations involving positions 3 and 5 were isolated. The utiliza-
tion of silica gel column and paper chromatographic resolution has 
permitted the purification and resolution of two steroid metabolites 
in crystalline form. 
A combination of physical and chemical studies, including 
paper partition mobility characteristics, formation of color products 
with 2, 4-dinitrophenylhydrazine reagent (DNPHL triphenyl tetrazolium 
chloride reagent (TPTZ) and infrared spectrometry has permitted un-
equivocal indentification of one compound and the partial indentification 
of a second. Additional proof of structure was afforded by preparation 
of the diacetate and formation of the digitonide complex in the case of 
the 3/3 -hydroxy reduced structure. 
It would appear that of the steroids isolated# allopregnane-
3/3# 17a # 21-triol-20-one (tetrahydro S; 3/3-allo) and allopregnane-3a, 
17a # 21-triol-20-one (tetrahydro S; 3 a -allo), that the 3a -allo reduced 
form occurred in the higher concentration. These results agree with 
those of Caspi~ al. (4) who obtained predominantly the 3a -allo meta-
bolite of cortisone after perfusion of the latter through rat liver. On 
the other hand. Schneider (45) reported that rat liver slices converted 
~4 -pregnene-21-ol-3, 20-dione (DOC) primarily to the allopregnane-
3/3. 21-diol-20-one. It is conceivable that tissue slice preparations 
may yield different conversions. 
In addition to the two transformation products that were iso-
lated from the incubation of compound S with rat liver, one of which was 
unequivocally identified, the other as yet unidentified substances were 
shown to be present on the basis of color reactions and paper mobilities. 
These substances have been partially characterized as allopregnane-
3a. 17a. 21-triol-3, 20-dion~ (dihydro S-allo) or pregnane-17a. 21-
diol-3, 20-dione (dihydro S - normal), 17 -ketosteroids (a highly character-
istic purple color was obtained with the Zimmermann reagent). and the 
presence of two compounds more polar than the tetrahydro S was ob-
served. One of these more polar compounds failed to give a positive 
reaction with TPTZ, but did give a yellow-orange DNPH and was 
observed as a dark band under the ultraviolet lamp, which may indi-
cate that only reduction of the C -20 ketone of the parent compound 
had taken place. Recently .6.4 -pregnene-17a, 20{3, 21-triol-3, 11-dione 
was isolated from a rat liver perfusion of cortisone by Caspi ~ al. (4). 
The second polar component did react with TPTZ to form a 
color product which indicated that an intact a -ketol side chain was 
present but was shown to be reduced at positions C-3 and C-5 by infra-
red spectroscopic analysis. Since this substance is more polar than 
tetrahydro S and was reduced in ring A, it is suggested that an 
additional oxygen function may have been introduced into the molecule. 
This \\OU.ld serve in part to explain the high degree of polarity exhibited 
by the compound on the basis of paper mobility. Schneider and Mason 
(48) have reported the isolation of .6.5 -androstene-3{3, 16a, 17{3-triol 
after the incubation of dehydroepiandrosterone with rabbit liver slices 
which indicated hydroxylation at position 16. This evidence demon-
strates that liver enzyme systems are capable of introducing an 
additional oxygen function into the steroid molecule. 
The present study has once again confirmed the reductive 
nature of liver tissue reactions on steroids. If one takes into con-
sideration the formation of both the dihydro and the tetrahydro meta-
bolites, it is conceivable that the reaction may proceed first with re-
duction of the double bond in ring A, followed by reduction of the C -3 
ketone. On the other hand, the reduction of the C-3 ketone first 
followed by reduction of the double bond must also be considered. 
Reduction at C-20 and C-21 in addition to oxidation at other points 
on the molecule cannot be eliminated. Finally~ loss of the side 
chain has been indicated by paper chromatographic means by oh-
taining compounds which gave positive Zimmermann reactions and 
which showed mobility characteristics similar to those C-19 com-
pounds possessing two oxygen function. 
